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(57) ABSTRACT

A method and apparatus for compressing resources used for
transmitting acknowledgment signals from User Equip-
ments (UEs). An acknowledgment signal is in response to
detections from a UE of one or more Physical Downlink
Control CHannels (PDCCHs) in respective one or more
Transmission Time Interval (TTIs) within M TTIs. Each
PDCCH is transmitted over Control Channel Elements
(CCEs). Resources account for both CCEs in a same TTI and
for TTIs within the M TTIs. A Hybrid Automatic Repeat
reQuest (HARQ) Acknowledgment Resource Offset (HRO)
field in a Downlink Control Information (DCI) format is
used to compress resources in both CCE and TTI domains.
For the first TTI of the M TTIs, all HRO values compress
resources in the CCE domain while for all remaining TTIs,
halt HRO values compress resources in the CCE domain and
half HRO values compress resources in the TTI domain.
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OVERHEAD REDUCTION FOR
TRANSMISSION OF ACKNOWLEDGMENT
SIGNALS

CROSS-REFERENCE TO RELATED
APPLICATION(S) AND CLAIM OF PRIORITY

The present application is a continuation of U.S. Non-
Provisional patent application Ser. No. 14/793,541 entitled
“OVERHEAD REDUCTION FOR TRANSMISSION OF
ACKNOWLEDGMENT SIGNALS” and filed Jul. 7, 2015,
which is a continuation of U.S. Non-Provisional patent
application Ser. No. 13/962,612 entitled “OVERHEAD
REDUCTION FOR TRANSMISSION OF ACKNOWL-
EDGMENT SIGNALS” and filed Aug. 8, 2013, now U.S.
Pat. No. 9,112,662, and claims priority to U.S. Provisional
Patent Application No. 61/753,728 entitled “RESOURCE
OVERHEAD REDUCTION FOR TRANSMISSION OF
ACKNOWLEDGEMENT SIGNALS” and filed Jan. 17,
2013. The content of the above-identified patent documents
is incorporated herein by reference.

TECHNICAL FIELD

The present application relates generally to wireless com-
munication systems and, more specifically, to transmission
and reception of acknowledgment signals.

BACKGROUND

A communication system includes DownLink (DL) trans-
missions that convey signals from transmission points such
as Base Stations (BSs) or NodeBs to User Equipment (UEs)
and UpLink (UL) transmissions that convey signals from
UEs to reception points such as NodeBs. A UE, also com-
monly referred to as a terminal or a mobile station, may be
fixed or mobile and may be a cellular phone, a personal
computer device, etc. A NodeB, which is generally a fixed
station, may also be referred to as an access point or other
equivalent terminology.

DL signals consist of data signals conveying information
content, control signals conveying DL Control Information
(DCI), and Reference Signals (RS), which are also known as
pilot signals. A NodeB transmits data information or DCI to
UEs through respective Physical DL Shared CHannels (PD-
SCHs) or Physical DL Control CHannels (PDCCHs). A
NodeB may transmit multiple RS types including a UE-
Common RS (CRS) that is transmitted over substantially an
entire DL BandWidth (BW) and a DeModulation RS
(DMRS) that is transmitted in a same BW as an associated
PDSCH or PDCCH. UL signals also consist of data signals
conveying information content, control signals conveying
UL Control Information (UCI), and RS. A UE transmits data
information or UCI to a NodeB through a respective Physi-
cal UL Shared CHannel (PUSCH) or a Physical UL Control
CHannel (PUCCH). If a UE simultaneously transmits data
information and UCI, it may multiplex both in a PUSCH.

A PDSCH transmission to a UE or a PUSCH transmission
from a UE may be in response to dynamic scheduling or to
Semi-Persistent Scheduling (SPS). With dynamic schedul-
ing, a NodeB conveys to a UE a DCI format through a
respective PDCCH. The contents of a DCI format, and
consequently its size, depend on a Transmission Mode (TM)
a UE is configured for a respective PDSCH reception or
PUSCH transmission. With SPS, a PDSCH or a PUSCH
transmission is configured to a UE by a NodeB through
higher layer signaling, such as Radio Resource Control
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(RRC) signaling, and occurs at predetermined Transmission
Time Intervals (TTIs) and with predetermined parameters as
informed by the higher layer signaling. UCI includes
acknowledgment information associated with a use of
Hybrid Automatic Repeat reQuest (HARQ) and is in
response to correct or incorrect, respectively, receptions of
data Transport Blocks (TBs) in a PDSCH or in response to
an SPS release.

Accordingly, there is a need for improved techniques for
transmission and reception of HARQ acknowledgment
(ACK) signals referred to as HARQ-ACK signals.

SUMMARY

Embodiments of the present disclosure provide resource
overhead reduction for transmission of acknowledgment
signals.

In one exemplary embodiment, a method is provided for
a User Equipment (UE) to transmit a Hybrid Automatic
Repeat reQuest Acknowledgment (HARQ-ACK) signal in a
Physical Uplink Control CHannel (PUCCH) in response to
detecting one or more Physical Downlink Control CHannels
(PDCCHs) of a first type transmitted from a base station
over respective one or more Transmission Time Interval
(TTTs) within a total number of M TTIs and within a setj of
Physical Resource Block (PRB) pairs, wherein a PRB pair
includes a number of sub-carriers over a TTI. The method
includes detecting each PDCCH, of the one or more
PDCCHs, over a respective number of Control Channel
Elements (CCEs) wherein each PDCCH conveys a Down-
link Control Information (DCI) format that includes a
HARQ-ACK Resource Offset (HRO) information field hav-
ing Q binary elements. The method also includes determin-
ing a PUCCH resource np; g in response to a PDCCH
detection in TTI m, 0sm=M-1, as

m=1

RpyccH = NCCEm,j + f(HRO) + Z Neck,ij + Npucen,js
=)

wherein no ,; is an index for the first CCE of the PDCCH
in TTI m, f(HRO) is a mapping function for the HRO field
having an even number of integer outputs, No, ; is a total
number of CCEs in TT1 i, and Npy ey, is informed to the
UE from the base station by higher layer signaling, wherein
for m=0 all (HRO) values are small integers with values
around zero and for m>0 a first even number of f(HRO)
values are same as for m=0 and do not depend on the value
of m and a remaining second even number of f(HRO) values
are larger negative integers that depend on the value of m
and include a term that is the sum of one or more ~N ¢, ;
values where O=i=m-1. Additionally, the method includes
transmitting the HARQ-ACK signal in the determined
PUCCH resource. For Q=2, the first even number of
F(HRO) values is two, and the second even number of
F(HRO) values is two with a first value including the term

m-1
- Z Nccg,
iz0

and a second value including the term N ,,,_, ;- For m=0,
the f(HRO) values are {-2, -1, 0, 2}. A first value of Q can
be associated with a first value of M and a second value of



US 9,450,710 B2

3

Q can be associated with a second value of M, wherein the
first value of Q is smaller than the second value of Q and the
first value of M is smaller than the second value of M. The
DCI format further includes a Downlink Assignment Index
(DAI) field, and the DAI field at TTI m can indicate a total
number of DCI formats transmitted to the UE from TTI 0
until TTT m and, for at least some values of m, at least one
binary element from the DAI field can be used as a binary
element of the HRO field. The UE may also detect a PDCCH
of a second type in TTI m,, O=sm,=m-1 and m>0 but this
does not affect the PUCCH resource determination for
HARQ-ACK signal transmission. If the PDCCH is trans-
mitted within one PRB pair, nx,,, may be replaced by

RCCE,m,j
+ (nccEm, jmOdNccE_prBm, ) - NPRB,j

A {7
CCEmj =
7 | Nece_pram, j

wherein Necg prp,m; 18 @ number of CCEs within a PRB
pair, N~ .is a total number of PRB pairs in the set j of PRB
pairs, and1 | is a floor function that rounds a number to a
smaller integer.

In another exemplary embodiment, an apparatus in a UE
is provided, which includes a detector, computing unit, and
transmitter configured to perform the above described
method.

In another exemplary embodiment, a method is provided
for a base station to receive an HARQ-ACK signal in a
PUCCH in response to transmitting one or more PDCCHs of
a first type over respective one or more TTIs within a total
number of M TTIs and within a set j of PRB pairs. The
method includes transmitting each PDCCH, of the one or
more PDCCHs, over a respective number of Control Chan-
nel Elements (CCEs) wherein each PDCCH conveys a
Downlink Control Information (DCI) format that includes a
HARQ-ACK Resource Offset (HRO) information field hav-
ing Q binary elements. The method also includes determin-
ing a PUCCH resource np; g in response to a PDCCH
detection in TTI m, 0sm=M-1, as

m=1

RpyccH = NCCEm,j + F(HRO) + Z Neck,ij + Npucen, j»
=)

wherein n. ,; is an index for the first CCE of the PDCCH
in TTI m, f(HRO) is a mapping function for the HRO field
having an even number of integer outputs, No, ; is a total
number of CCEs in TT1 i, and Npy ey, is informed to the
UE from the base station by higher layer signaling, wherein
for m=0 all (HRO) values are small integers with values
around zero and for m>0 a first even number of f(HRO)
values are same as for m=0 and do not depend on the value
of m and a remaining second even number of f(HRO) values
are larger negative integers that depend on the value of m
and include a term that is the sum of one or more ~N ¢, ;
values where O=i=m-1. Additionally, the method includes
receiving the HARQ-ACK signal in the determined PUCCH
resource. For Q=2, the first even number of f(HRO) values
is two, and the second even number of f(HRO) values is two
with a first value including the term

m-1
- Z Necg,,
=
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and a second value including the term N ¢ ,,,_, ;- For m=0,
the f(HRO) values are {-2, -1, 0, 2}. A first value of Q can
be associated with a first value of M and a second value of
Q can be associated with a second value of M, wherein the
first value of QQ is smaller than the second value of Q and the
first value of M is smaller than the second value of M. The
DCI format further includes a DAI field, and the DAI field
at TTI m can indicate a total number of DCI formats
transmitted to the UE from TTI 0 until TTI m and, for at least
some values of m, at least one binary element from the DAI
field can be used as a binary element of the HRO field. The
base station may also transmit a PDCCH of a second type in
TTI m;, O=m,;=m-1 and m>0 but this does not affect the
PUCCH resource determination for HARQ-ACK signal
reception. If the PDCCH is transmitted within one PRB pair,
Neeg,,; may be replaced by

RCCE,m,j

L
NECcEm, = { + (nccEm, jmOdNCCE_prRBm, ) - NPRB,j

Ncce_prRBm,j

wherein Necg prp o, 18 @ number of CCEs within a PRB
pait, Npgyp , is a total number of PRB pairs in the setj of PRB
pairs, and | | is a floor function that rounds a number to a
smaller integer.

In another exemplary embodiment, an apparatus in a base
station is provided, which includes a transmitter, computing
unit, and receiver configured to perform the above described
method.

Before undertaking the DETAILED DESCRIPTION
below, it may be advantageous to set forth definitions of
certain words and phrases used throughout this patent docu-
ment: the terms “include” and “comprise,” as well as deriva-
tives thereof, mean inclusion without limitation; the term
“or,” is inclusive, meaning and/or; the phrases “associated
with” and “associated therewith,” as well as derivatives
thereof, may mean to include, be included within, intercon-
nect with, contain, be contained within, connect to or with,
couple to or with, be communicable with, cooperate with,
interleave, juxtapose, be proximate to, be bound to or with,
have, have a property of, or the like; and the term “control-
ler” means any device, system or part thereof that controls
at least one operation, such a device may be implemented in
hardware, firmware or software, or some combination of at
least two of the same. It should be noted that the function-
ality associated with any particular controller may be cen-
tralized or distributed, whether locally or remotely. Defini-
tions for certain words and phrases are provided throughout
this patent document, those of ordinary skill in the art should
understand that in many, if not most instances, such defini-
tions apply to prior, as well as future uses of such defined
words and phrases.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure and its advantages, reference is now made to the
following description taken in conjunction with the accom-
panying drawings, in which like reference numerals repre-
sent like parts:

FIG. 1 illustrates an exemplary wireless system which
transmits messages in accordance with an illustrative
embodiment of the present disclosure;

FIG. 2A illustrates a high-level diagram of an orthogonal
frequency division multiple access transmit path in accor-
dance with an illustrative embodiment of the present dis-
closure;
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FIG. 2B illustrates a high-level diagram of an orthogonal
frequency division multiple access receive path in accor-
dance with an illustrative embodiment of the present dis-
closure;

FIG. 3 illustrates a block diagram of a transmitter struc-
ture for a HARQ-ACK signal in a PUCCH that may be used
to implement various embodiments of the present disclo-
sure;

FIG. 4 illustrates a block diagram of a receiver structure
for a HARQ-ACK signal in a PUCCH that may be used to
implement various embodiments of the present disclosure;

FIG. 5 illustrates a partitioning of an HARQ-ACK
Resource Offset (HRO) field in a DL, DCI format in a first
HRO field and in a second HRO field in accordance with
various embodiments of the present disclosure;

FIGS. 6A and 6B illustrate an example of a PUCCH
resource compression for HARQ-ACK signaling associated
with Enhanced PDCCH (EPDCCH) detections in accor-
dance with an illustrative embodiment of the present dis-
closure;

FIG. 7 illustrates a flowchart of a process for determining
a PUCCH resource in a Time Division Duplex (TDD)
system depending on a NodeB configuration in accordance
with various embodiments of the present disclosure;

FIG. 8 illustrates a permutation of enhanced common
control element (ECCE) indexes of a localized EPDCCH
PRB set for indexing respective PUCCH resources for
HARQ-ACK signal transmissions in accordance with an
illustrative embodiment of the present disclosure; and

FIG. 9 illustrates a process for reducing resource overhead
for transmission of HARQ-ACK signals in accordance with
various embodiments of the present disclosure.

DETAILED DESCRIPTION

FIGS. 1 through 9, discussed below, and the various
embodiments used to describe the principles of the present
disclosure in this patent document are by way of illustration
only and should not be construed in any way to limit the
scope of the disclosure. Those skilled in the art will under-
stand that the principles of the present disclosure may be
implemented in any suitably arranged system or device.

The following documents and standards descriptions are
hereby incorporated into the present disclosure as if fully set
forth herein: 1) 3GPP TS 36.211 v11.1.0, “E-UTRA, Physi-
cal channels and modulation™; 2) 3GPP TS 36.212 v11.1.0,
“E-UTRA, Multiplexing and Channel coding”; 3) 3GPP TS
36.213 v11.1.0, “E-UTRA, Physical Layer Procedures™; and
4) 3GPP TS 36.331 v11.1.0. “E-UTRA, Radio Resource
Control (RRC) Protocol Specification.”

FIGS. 1-2B below describe various embodiments imple-
mented in wireless communications systems and with the
use of OFDM or OFDMA communication techniques. The
description of FIGS. 1-2B is not meant to imply physical or
architectural limitations to the manner in which different
embodiments may be implemented. Different embodiments
of the present disclosure may be implemented in any suit-
ably arranged communications system.

FIG. 1 illustrates exemplary wireless system 100, which
transmits messages according to the principles of the present
disclosure. In the illustrated embodiment, wireless system
100 includes transmission points (e.g., an Evolved Node B
(eNB), Node B), such as base station (BS) 101, base station
(BS) 102, base station (BS) 103, and other similar base
stations or relay stations (not shown). Base station 101 is in
communication with base station 102 and base station 103.
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6

Base station 101 is also in communication with Internet 130
or a similar IP-based system (not shown).

Base station 102 provides wireless broadband access (via
base station 101) to Internet 130 to a first plurality of UEs
(e.g., mobile phone, mobile station, subscriber station)
within coverage area 120 of base station 102. The first
plurality of UEs includes UE 111, which may be located in
a small business (SB); UE 112, which may be located in an
enterprise (E); UE 113, which may be located in a WiFi
hotspot (HS); UE 114, which may be located in a first
residence (R); UE 115, which may be located in a second
residence (R); and UE 116, which may be a mobile device
(M), such as a cell phone, a wireless laptop, a wireless PDA,
or the like.

Base station 103 provides wireless broadband access (via
base station 101) to Internet 130 to a second plurality of UEs
within coverage area 125 of base station 103. The second
plurality of UEs includes UE 115 and UE 116. In an
exemplary embodiment, base stations 101-103 may com-
municate with each other and with UEs 111-116 using
OFDM or OFDMA techniques.

While only six UEs are depicted in FIG. 1, it is understood
that wireless system 100 may provide wireless broadband
access to additional UEs. It is noted that UE 115 and UE 116
are located on the edges of both coverage area 120 and
coverage area 125. UE 115 and UE 116 each communicate
with both base station 102 and base station 103 and may be
said to be operating in handoff mode, as known to those of
skill in the art.

UEs 111-116 may access voice, data, video, video con-
ferencing, and/or other broadband services via Internet 130.
In an exemplary embodiment, one or more of UEs 111-116
may be associated with an access point (AP) of a WiFi
WLAN. UE 116 may be any of a number of mobile devices,
including a wireless-enabled laptop computer, personal data
assistant, notebook, handheld device, or other wireless-
enabled device. UE 114 and 115 may be, for example, a
wireless-enabled personal computer (PC), a laptop com-
puter, a gateway, or another device.

FIG. 2A is a high-level diagram of transmit path circuitry
200. For example, the transmit path circuitry 200 may be
used for an orthogonal frequency division multiple access
(OFDMA) communication. FIG. 2B is a high-level diagram
of receive path circuitry 250. For example, the receive path
circuitry 250 may be used for an orthogonal frequency
division multiple access (OFDMA) communication. In
FIGS. 2A and 2B, for downlink communication, the transmit
path circuitry 200 may be implemented in base station (BS)
102 or a relay station, and the receive path circuitry 250 may
be implemented in a UE (e.g. UE 116 of FIG. 1). In other
examples, for uplink communication, the receive path cir-
cuitry 250 may be implemented in a base station (e.g., base
station 102 of FIG. 1) or a relay station, and the transmit path
circuitry 200 may be implemented in a UE (e.g., UE 116 of
FIG. 1).

Transmit path circuitry 200 comprises channel coding and
modulation block 205, serial-to-parallel (S-to-P) block 210,
Size N Inverse Fast Fourier Transform (IFFT) block 215,
parallel-to-serial (P-to-S) block 220, add cyclic prefix block
225, and up-converter (UC) 230. Receive path circuitry 250
comprises down-converter (DC) 255, remove cyclic prefix
block 260, serial-to-parallel (S-to-P) block 265, Size N Fast
Fourier Transform (FFT) block 270, parallel-to-serial
(P-to-S) block 275, and channel decoding and demodulation
block 280.

At least some of the components in FIGS. 2A and 2B may
be implemented in software, while other components may
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be implemented by configurable hardware or a mixture of
software and configurable hardware. In particular, it is noted
that the FFT blocks and the IFFT blocks described in this
disclosure document may be implemented as configurable
software algorithms, where the value of Size N may be
modified according to the implementation.

Furthermore, although this disclosure is directed to an
embodiment that implements the Fast Fourier Transform
and the Inverse Fast Fourier Transform, this is by way of
illustration only and should not be construed to limit the
scope of the disclosure. It is appreciated that in an alternate
embodiment of the disclosure, the Fast Fourier Transform
functions and the Inverse Fast Fourier Transform functions
may easily be replaced by Discrete Fourier Transform (DFT)
functions and Inverse Discrete Fourier Transform (IDFT)
functions, respectively. It is appreciated that for DFT and
IDFT functions, the value of the N variable may be any
integer number (i.e., 1, 2, 3, 4, etc.), while for FFT and IFFT
functions, the value of the N variable may be any integer
number that is a power of two (i.e., 1, 2, 4, 8, 16, etc.).

In transmit path circuitry 200, channel coding and modu-
lation block 205 receives a set of information bits, applies
coding (e.g., LDPC coding) and modulates (e.g., Quadrature
Phase Shift Keying (QPSK) or Quadrature Amplitude
Modulation (QAM)) the input bits to produce a sequence of
frequency-domain modulation symbols. Serial-to-parallel
block 210 converts (i.e., de-multiplexes) the serial modu-
lated symbols to parallel data to produce N parallel symbol
streams where N is the IFFT/FFT size used in BS 102 and
UE 116. Size N IFFT block 215 then performs an IFFT
operation on the N parallel symbol streams to produce
time-domain output signals. Parallel-to-serial block 220
converts (i.e., multiplexes) the parallel time-domain output
symbols from Size N IFFT block 215 to produce a serial
time-domain signal. Add cyclic prefix block 225 then inserts
a cyclic prefix to the time-domain signal. Finally, up-
converter 230 modulates (i.e., up-converts) the output of add
cyclic prefix block 225 to RF frequency for transmission via
a wireless channel. The signal may also be filtered at
baseband before conversion to RF frequency.

The transmitted RF signal arrives at UE 116 after passing
through the wireless channel, and reverse operations to those
at BS 102 are performed. Down-converter 255 down-con-
verts the received signal to baseband frequency, and remove
cyclic prefix block 260 removes the cyclic prefix to produce
the serial time-domain baseband signal. Serial-to-parallel
block 265 converts the time-domain baseband signal to
parallel time-domain signals. Size N FFT block 270 then
performs an FFT algorithm to produce N parallel frequency-
domain signals. Parallel-to-serial block 275 converts the
parallel frequency-domain signals to a sequence of modu-
lated data symbols. Channel decoding and demodulation
block 280 demodulates and then decodes the modulated
symbols to recover the original input data stream.

Each of base stations 101-103 may implement a transmit
path that is analogous to transmitting in the downlink to UEs
111-116 and may implement a receive path that is analogous
to receiving in the uplink from UEs 111-116. Similarly, each
one of UEs 111-116 may implement a transmit path corre-
sponding to the architecture for transmitting in the uplink to
base stations 101-103 and may implement a receive path
corresponding to the architecture for receiving in the down-
link from base stations 101-103.

Embodiments of the present disclosure recognize that a
HARQ-ACK signal is transmitted in a time transmission
interval (TTT) which consists of one subframe that includes
two slots. Each slot includes NsymbUL symbols for transmit-
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ting HARQ-ACK signals or RS which enable coherent
demodulation of HARQ-ACK signals. The transmission in
the first slot may be at a different part of the operating BW
than in the second slot in order to provide frequency
diversity. The operating BW consists of frequency resource
units which are referred to as Resource Blocks (RBs). Each
RB consists of N_*? sub-carriers, or Resource Elements
(REs). ABW unit of 1 RB over a time unit of 1 subframe is
referred to as a Physical Resource Block (PRB). A UE
transmits HARQ-ACK signals and RS over one PRB 150.
HARQ-ACK bits modulate a Zadoff-Chu (ZC) sequence, for
example using Binary Phase Shift Keying (BPSK) or Qua-
ternary Phase Shift Keying (QPSK) modulation, which is
then transmitted after performing an IFFT. The RS is trans-
mitted through an unmodulated ZC sequence. The transmis-
sion in the other slot has effectively a same or similar
structure.

FIG. 3 illustrates a block diagram of a transmitter struc-
ture 300 for a HARQ-ACK signal in a PUCCH that may be
used to implement various embodiments of the present
disclosure. In this illustrative embodiment, a ZC sequence is
generated in the frequency-domain by ZC sequence genera-
tor 310. A first RB and a second RB are selected by
controller 320 for transmission using sub-carrier mapper 330
of the ZC sequence in a first slot and in a second slot,
respectively, an IFFT is performed at IFFT block 340, and a
Cyclic Shift (CS), as is described in greater detail below, is
applied by CS mapper 350 which is then filtered by filter 360
and transmitted by antenna(s) 370. For brevity, additional
transmitter circuitry such as digital-to-analog converter,
analog filters, amplifiers, and transmitter antennas are
described above with regard to the transmitter circuitry 200
in FIG. 2A, are not illustrated but may be included in the in
transmitter structure 300 illustrated in FIG. 3.

FIG. 4 illustrates a block diagram of a receiver structure
400 for a HARQ-ACK signal in a PUCCH that may be used
to implement various embodiments of the present disclo-
sure. In this illustrative embodiment, antenna(s) 410 receive
an analog signal and after further processing units (e.g.,
filters, amplifiers, frequency down-converters, and analog-
to-digital converters) a digital received signal is filtered by
filter 420, a CS is restored by CS mapper 430, a Fast Fourier
Transform (FFT) is applied at FFT block 440, a first RB and
a second RB in a first slot and in a second slot, respectively,
are demapped by sub-carrier demapper 450 and selected by
controller 460, and a signal is correlated by multiplier 470
with a replica of a ZC sequence 480. An output 490 may then
be passed to a channel estimation unit, such as a time-
frequency interpolator, in case of the RS, or to a detection
unit for the transmitted HARQ-ACK bits.

The illustration of transmitter structure 300 and receiver
structure 400 in FIGS. 3 and 4 are not meant to imply
physical or architectural limitations to the manner in which
different embodiments may be implemented. Different
embodiments of the present disclosure may be implemented
in any suitably arranged communications system.

Embodiments of the present disclosure recognize that
different CSs of a ZC sequence provide orthogonal ZC
sequences and may be allocated to different UEs to achieve
orthogonal multiplexing of respective HARQ-ACK signal
transmissions and RS transmissions in a same PRB. Such
orthogonal multiplexing may also be achieved in the time
domain using Orthogonal Covering Codes (OCC). For
example, a HARQ-ACK signal may be modulated by a
length-4 OCC, such as a Walsh-Hadamard (WH) OCC,
while a RS may be modulated by a length-3 OCC, such as
a DFT OCC (not shown for brevity). In this manner, a
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multiplexing capacity is increased by a factor of 3 (deter-
mined by the OCC with the smaller length). The sets of WH
OCCs, {W,, W, W,, W}, and DFT OCCs, {D,, D, D,},
are:

Wo 1 1 1 1 Do 1 1 1

Wi _ I -1 1 1 Dy |=|1 eB g
W2 -1l D s —jenp3 .
wyl 1 -1 -1 1 21 1 e €

TABLE 1 presents an exemplary mapping for a PUCCH
resource Np.,-cz Used for an HARQ-ACK signal transmis-
sion to an OCC n,,. and a CS a assuming a total of 12 CS per
symbol for a ZC sequence. If all resources within a PUCCH
PRB are used, resources in an immediately next PRB may
be used.

TABLE 1

HARQ-ACK Resource Mapping to OC and CS

OCC n__ for HARQ-ACK and for RS

CSa Wo, Do W, D, W3, D,

0 Npyece =0 Npycen = 12
1 Npyccw = 6
2 Npyccw =1 Npyccn =13
3 Npycca =7
4 Npyccw = 2 Npyccn = 14
5 Npyccw = 8
6 Npyccw =3 Npyccn = 15
7 Npyccw =9
8 Npycc =4 Npycen = 16
9 Npyccw = 10

10 Npyccw =5 pyccn =17

11 Nppec = 11

A PDCCH is transmitted in units referred to as Control
Channel Elements (CCEs). Each CCE consists of a number
of REs and UEs may derive a total number of CCEs, Nz,
in a subframe either through a detection of a Physical
Control Format Indicator CHannel (PCFICH) or through
RRC signaling from a NodeB. Different types of PDCCH
may be simultaneously transmitted in a subframe; a first type
is referred to as PDCCH (transmitted in CCEs) and a second
type is referred to as EPDCCH (transmitted in ECCEs). An
EPDCCH transmission may be in a set of PRBs from one or
more sets of PRBs.

In a TDD system, multiple DL subframes may be linked
to a single UL subframe. Then, HARQ-ACK transmissions
from UEs in response to respective PDSCH receptions in
M>1 DL subframes may need to be in a same UL subframe.
The number of M>1 DL subframes is referred to as bundling
window size. A PUCCH resource np; .z fora HARQ-ACK
signal transmission, in response to a detection of an EPD-
CCH in PRB set j and in subframe m, may be determined as
in Equation 1 below.

m=1

RpyCCH = RECCEm,j + f(HRO) + Z Neccg,i.j + Nruced, j»
=0

Equation 1

m=1

RpyUCCH = RECCEm,j + J(HRO) + Z NEecck,i.j + Neucen,j
=)

Equation 1
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In Equation 1, ngecg ,,, is @ lowest BCCE index of an
EPDCCH scheduling a respective PDSCH (or SPS release)
in subframe m, where O=m=M-1, and EPDCCH PRB set j,
Nzccs,, 18 a total number of ECCEs in EPDCCH PRB set
j and in subframe 1, and Npp /ey, 15 an offset for EPDCCH
PRB set j informed to a UE through higher layer signaling
by a NodeB. The term f(HRO) denotes a function of an
HARQ-ACK Resource Offset (HRO) field, consisting of 2
bits, in a DCI format conveyed by an EPDCCH scheduling
a PDSCH (or an SPS release). The term HRO (i.e., HARQ-
ACK Resource Offset) may also be referred to as ARO (i.e.,
Acknowledgment Resource Offset). In the following, such a
DCI format is referred to as a DL DCI format and, unless
explicitly noted otherwise, an EPDCCH is assumed to
schedule a respective PDSCH or a SPS release.

A function of the HRO field is to provide a compression
of PUCCH resources for HARQ-ACK signal transmissions
which otherwise may consume a substantial portion of a
total UL BW particularly if multiple EPDCCH PRB sets
exist with each set having a relatively large number of
ECCEs. Possible alternatives for a mapping function
F(HRO) for a HRO field of 2 bits are:

a) f(HRO)e{-2, -1, 0, 2}

b) Jc (HRO)E{O, 2: _NECCE,i,js NECCE,i,j}s {0, _NECCE,O,;':_
(NECCE,O,;'+NECCE,1 J)S _(NECCE,O ,j+NECCE, 1t
NECCE,2,]‘)

¢) f(HRO)e{-2, -1, 0, 2} for i=0, {-2,-1,0, -Ngccro )}
for i=1 {0, 2, -Ngccr,» Neceg,,b for i=2, {0,-
NECCE,OJ’_(NECCE,OJ+NECCE,1J = +
NECCE,I,j+NECCE,2,j) for i=3.

Additional alternatives exist and may be implemented in

accordance with the principles of the present disclosure.

A drawback of the first alternative is that it does not avoid
an expansion of PUCCH resources with a number of DL
subframes in a bundling window as it does not offset the
term

ECCE,0,/

m-1
Z NEccE,i,j
=0

in Equation 1. A drawback of the second alternative is that
this second alternative may require that PUCCH resources
corresponding to different EPDCCH PRB sets in a same DL
subframe be non-overlapping as this second alternative does
not provide means to avoid collisions in case a first EPD-
CCH transmitted in a first PRB set and a second EPDCCH
transmitted in a second PRB set use a same lowest ECCE
index. A drawback of the third alternative is that for the
larger values of i, e.g. for i=3, it has the same drawback as
the second alternative. Additional drawbacks of the above
three alternatives exist as will subsequently become evident
in accordance with the principles of the present disclosure.

Accordingly, embodiments of the present disclosure rec-
ognize that there is a need to define a method to compress
PUCCH resources for HARQ-ACK signaling and to define
an associated function of an HRO field in respective DL DCI
formats in a TDD system. Embodiments of the present
disclosure recognize also that is a need to define a HRO field
in a DL DCI format in order to achieve PUCCH resource
compression of HARQ-ACK signaling in TDD systems.
Embodiments of the present disclosure recognize further
recognize that there is a need to compress PUCCH resources
for HARQ-ACK signaling from UEs configured to monitor
multiple types of physical DL control channels in DL



US 9,450,710 B2

11

subframes of a bundling window. Accordingly, embodi-
ments of the present disclosure provide resource overhead
reduction for transmission of acknowledgment signals.

In various embodiments the present disclosure provides a
method and corresponding system for PUCCH resource
compression of HARQ-ACK signaling in a TDD system.
Embodiments the present disclosure recognize that a com-
pression of PUCCH resources only in the ECCE domain, by
a NodeB configuring overlapping PUCCH resources for
different EPDCCH PRB sets in a subframe of a bundling
window by configuring same value of Nopcq J(l) for each
set j, cannot compress PUCCH resources in the time domain
which grow linearly with the term

m-1
Z NEccE,i,j
=

in Equation 1 above. Embodiments the present disclosure
also recognize that compression of PUCCH resources only
in the time domain, across subframes in a bundling window,
may also be ineffective as, due to an inability to avoid
collisions among PUCCH resources for different EPDCCH
PRB sets per subframe, a NodeB has to configure PUCCH
resources associated with different EPDCCH PRB sets to be
non-overlapping across an entire bundling window. For
example, for 2 EPDCCH PRB sets, a NodeB needs to
configure a PUCCH resource offset Npyroeus, Y for a second
EPDCCH PRB set such that it is larger by a factor of

m-1
Z NEccE,io
=

relative to a PUCCH resource offset NPUCCH’O(D for a first
EPDCCH PRB set, that is

m=1

(1) 1)
Npyccna = Z Necci0 + Npucen,o-
=

Then, in addition to using non-overlapping PUCCH
resources for different EPDCCH PRB sets, PUCCH
resource compression may be ineffective as, even when the
compression may be achieved, this compression may cause
UL BW fragmentation between the last PUCCH resource
corresponding to the first EPDCCH PRB set and the first
PUCCH resource corresponding to the second EPDCCH
PRB set. For more than 2 EPDCCH PRB sets, multiple UL
BW fragmentations may occur.

Due to the above shortcomings of existing solutions, the
various embodiments of the present disclosure provide a
2-dimensional determination of a PUCCH resource for
HARQ-ACK signaling from a UE in response to an EPD-
CCH detection in a TDD system. A first dimension is the
EPDCCH PRB set (or a set of respective ECCEs) as multiple
EPDCCH PRB sets may be configured for UEs to monitor
in a subframe (e.g., the PUCCH resources corresponding to
ECCEs of different EPDCCH sets in a same subframe). A
second dimension is the DL subframe in a bundling window
(e.g., the PUCCH resources corresponding to ECCEs of a
same EPDCCH set in different subframes). Therefore, in
order to maximize PUCCH resource compression for
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HARQ-ACK signaling in a TDD system, a 2-dimensional
compression is needed in the ECCE domain per subframe
(associated with the EPDCCH PRB set per subframe) and in
the time domain (associated with the DL subframes in a
bundling window). Embodiments of the present disclosure
provide 2-dimensional PUCCH resource compression using
values of the HRO field. By denoting by m the subframe
index in a bundling window of size M(M=0, 1, . .., M-1),
and for an HRO field of 2 bits mapping to 4 respective
values, the present disclosure provides that

1) the mapping of the HRO field depends on the value of the
subframe index m;

2) up to 2 values may be used to compress PUCCH
resources in the time domain and at least 2 values may be
used to compress PUCCH resources in the ECCE domain
(depending on the value of m); and

3) the up to 2 values that compress PUCCH resources in the
time domain are “large” negative values that cancel an
PUCCH resource accumulation that occurred in a previous
subframe in a same bundling window.

To achieve a 2-dimensional PUCCH resource compres-
sion, various embodiments of the present disclosure assume
that a HRO field in a DL DCI format conveyed by an
EPDCCH in a subframe of a bundling window consists of a
first HRO field, HRO1, performing PUCCH resource com-
pression for HARQ-ACK signaling in the ECCE domain
and of a second HRO field, HRO2, performing PUCCH
resource compression for HARQ-ACK signaling in the time
domain. Therefore, instead of having a single f(HRO)
function, there is a first f,(HRO) function used for PUCCH
resource compression for HARQ-ACK signaling in the
ECCE domain (for a given subframe) and a second f,
(HRO) function used for PUCCH resource compression for
HARQ-ACK signaling in the time domain (for a given
EPDCCH set), as described in Equation 2 below.

FHRO)=f ,(HRO)+f,(HRO) Equation 2

FIG. 5 illustrates a partitioning of an HRO field in a DL
DCI format in a first HRO field and in a second HRO field
in accordance with various embodiments of the present
disclosure. In this illustrative embodiment, a NodeB (e.g.,
BS 102) transmits a first DL, DCI format to a first UE (e.g.,
UE 111) using a first EPDCCH in a first set of PRBs and in
a first subframe where the first DL DCI format includes a
HRO field 510 which is represented by Q bits where a first
Q) bits provide HRO1 and a second Q, bits provide HRO2.
The Q, bits of the HRO1 field 520 may indicate small
values. Using such a value, the NodeB may avoid a same
PUCCH resource to be used for HARQ-ACK signaling by
the first UE and by at least one other second UE (e.g., UE
112) that the NodeB transmits a second DCI format using a
second EPDCCH in a second set of PRBs and in a second
subframe (i.e., PUCCH resource collision avoidance 530).
For example, for Q,=2, a PUCCH resource for HARQ-ACK
signaling may be determined as in Equation 1 and Equation
2 and f(HRO1)={-2, -1, 0, 2}. The second subframe is in
a same bundling window as the first subframe and occurs at
the same time or at an earlier time than the first subframe.
If the second subframe occurs at the same time as the first
subframe, all other said first values and said second values
are respectively different. If the second subframe occurs at
a different time than the first subframe, all other said first
values and said second values may respectively be same or
different.

The Q, bits of the HRO2 field 540 may include large
negative values. Using such a value, the NodeB may com-
press the PUCCH resources used for HARQ-ACK signaling
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by the first UE in later subframes of a bundling window so
that they overlap with respective ones used in earlier sub-
frames of the bundling window (i.e., PUCCH resource
compression 550). For example, for Q,=2, EPDCCH PRB
set j and a fourth subframe of a bundling window,
b (HROZj):{OS _NECCE,O,;'s _(NECCE,O,;'+NECCE,1 J)S_
(Neecro,Neccr, #Necce,s,)} - Dividing Q bits into first
Q, bits and second Q, bits is equivalent to having the Q bits
represent all values resulting from the Q, bits and the Q,
bits.

The partitioning of Q bits of an HRO field to Q, bits of a
HROT1 field indicating a first set of small values and to Q,
bits of a HRO2 field indicating a second set that may include
large negative values may also depend on a EPDCCH PRB
set j (determines a total number of respective ECCEs in a
subframe) and on subframe i. Therefore, Q,=Q,;, and
Q,=Q, ;- For example, for a subframe with index i=0 in a
bundling window (e.g., a first PUCCH subframe), a possible
partitioning is Q, ,;=Q and Q, , =0 as there is no compres-
sion of PUCCH resources in the time domain. Conversely,
for a subframe with index i=3 in a bundling window (e.g.,
a second or later PUCCH subframe), a possible partitioning
is Q5,71 and Q,; Q-1 (for Q>1) or Q,; =2 and
Q,,5,/Q-2 (for Q>2). As a number of Q, , ; and a number of
Q,,,, may vary with i, so may each respective mapping. For
example, f,(Q, , Je{-4, -3, -2, -1, 0, 1, 2, 3} for i=0 and
F.(Q, . pe{-2, -1, 0, 2} for i>0. Similar, for Q, l’] =1 and for
all >0, a possible mapping may be £,(Q, 1’1)6{0
and $5(Q, 5 )e{0.-Npecr 0, Neccra ,;)}

FIGS. 6A and 6B illustrate an example of PUCCH
resource compression for HARQ-ACK signaling associated
with EPDCCH detections in accordance with an illustrative
embodiment of the present disclosure. In this illustrative
example, HARQ-ACK signaling associated with EPDCCH
detections without PUCCH resource compression is illus-
trated in FIG. 6A and resource savings for HARQ-ACK
signaling associated with EPDCCH detections with PUCCH
resource compression is illustrated in FIG. 6B. In this
example, the EPDCCH transmission includes for 2 EPD-
CCH PRB sets and has a bundling window size of M=3
subframes.

As illustrated in FIG. 6A, if a PUCCH resource in
response to an EPDCCH detection is determined as in
Equation 1 but without the presence of f(HRO), PUCCH
resource compression cannot be applied if scheduling
restrictions in using ECCEs are to be avoided in order to
respectively avoid PUCCH resource collisions. Then, for a
second EPDCCH PRB set, a NodeB configures a PUCCH
resource offset NPUCCH’I(D so that a first PUCCH resource
associated with the second EPDCCH PRB set occurs after a
maximum of

ECCE, OJ}

2
Z NEccE,io
=

PUCCH resources associated with a first EPDCCH PRB set
and

2
1 1
N;’L)/CCH,I = N;’l)/CCH,O + § NEcc,i,0610.
=0
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A first PUCCH resource associated with the first EPDCCH
PRB set may be indicated to a UE by a configuration from
the NodeB of a PUCCH resource offset NPUCCH’O(D 615.
Similarly, first PUCCH resources associated with a second
subframe in a bundling window for the second EPDCCH
PRB set and for the first EPDCCH PRB set are respectively
determined as NPUCCH f +NECCEO ; 620 and as
NPUCCH0 +NECCE 0.0 625. Flnally, first PUCCH resources
associated with a third subframe in a bundling window for
the second EPDCCH PRB set and for the first EPDCCH
PRB set are respectively determined as NPUCCH By

Necero1Necce, 1, 630 and as NPUCCHO +NECCE 0,0t

ECCE,1,0

As illustrated in FIG. 6B, if a PUCCH resource in
response to an EPDCCH detection is determined as in
Equation 1 and Equation 2, PUCCH resources correspond-
ing to a first EPDCCH PRB set and to a second EPDCCH
PRB set may overlap across EPDCCH PRB sets or across
subframes in a bundling window. Although the depicted
overlap is complete across EPDCCH PRB sets and across
their respective ECCEs (the EPDCCH PRB sets are assumed
to have a same size and therefore a same number of ECCEs
in a subframe) and partial across subframes in the bundling
window, it may be either partial or complete in any of these
two domains. Within PUCCH resources corresponding to
ECCE:s in different EPDCCH PRB sets in a same subframe,
subframe 640, 642, or 644, collisions are avoided using
71(Q,,,)- Within PUCCH resources corresponding to
ECCE:s in different subframes of a same EPDCCH PRB set,
set 650, 652, or 654, compression is achieved using
Q). As illustrated, subframe 640 is first in time (i.e.,
m=0) among the bundled subframes 640, 642, or 644.
Therefore, collision avoidance only needs to take into con-
sideration collisions between the different EPDCCH PRB
sets (e.g., EPDCCH PRB setl and EPDCCH PRB set2) and
practice collision avoidance in the EPDCCH PRB set
domain. However, subframes 642 and 644 are not first in
time (i.e., m>0 or i>0) among the bundled subframes 640,
642, or 644. Therefore, collision avoidance for subframes
642 and 644 needs to take into consideration both collisions
between the different EPDCCH PRB sets (e.g., EPDCCH
PRB setl and EPDCCH PRB set2) and different subframes
(e.g., ECCEs subframel or ECCEs subframel & subframe
2, respectively) and practice collision avoidance in both the
EPDCCH PRB set and subframe (i.e., time) domains.

The illustration of the PUCCH resource compression for
HARQ-ACK signaling associated with EPDCCH detections
in FIGS. 6A and 6B is for illustration of the principles of the
present disclosure and not intended as a limitation on the
various embodiments that may be implemented in accor-
dance with the principles of the present disclosure. For
example, any number of different bundling window sizes
and any number of different EPDCCH PRB sets may be
used.

Various embodiments of the present disclosure provide a
construction of a HRO field in a DL DCI format conveyed
by an EPDCCH in a TDD system. In one illustrative
example, a HRO field in a DL DCI format conveyed by an
EPDCCH in a TDD system has a same number of bits as a
HRO field in a DL DCI format conveyed by an EPDCCH in
a FDD system (in FDD, there is no Q,;; and Q=Q, ). For
example, in both TDD and FDD systems, a HRO field
consists of Q=2 bits. Then, in FDD and in a first subframe
(i.e., i=0) of a bundling window in TDD where, similar to
FDD, there is no Q, , ; and f(Q)=f,(Q, , Je{-2,-1,0,0}. In
all subframes of a bundling window with index i>0 in TDD,
Q,,,~landQ,, =1 with f,(Q, , ) being same for all i>0, for
example f,(Q,, ’l)e{O 2}, and £,(Q,,,) depending on the
subframe index 1. For example, j’z(Qz,l {0 Ngccpo,) for
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=1, f 2(Q2,zj)€{_NECCE,O,jS_(NECCE,OJ+NECCE,l,j)} for i=2,
and ¥s Q. )e { ~(Neeero A Neees1 )= Neeezo+
NECCE,I,}'+NECCE,2,1')} for i=3, or I 2(Q2,i,j)€{_NECCE,O,j_15_
NECCE,O,}'_z} for =1, Jc2(Q2,iJ)€{_NECCE,OJ_l5_(NECCE,O,1'+
NECCE,I,}')_z} for and f 2(Q2,i,j)€{_NECCE,O,j_1 ~Neccpo+
Necerz,Neceea,)-2) for 1=3, and so on.

In another example, a HRO field in a DL, DCI format in
a TDD system has a larger number of bits than a HRO field
in a DL, DCI format in a FDD system. For example, in FDD
systems a HRO field consists of Q=2 bits while in a TDD
system a HRO field consists of Q>2 bits, at least when a
bundling window size is M>1. The number of bits of a HRO
field in a TDD system may either depend on the value of M
or be same for all values of M>1. For example, Q=3 for all
M>1 or Q=3 for M=2 and Q=4 for M=3 or M=4.

Considering Q=2 HRO bits for a FDD system, the addi-
tional HRO bits for a TDD system may be provided either
by additional bits in respective DCI formats or by re-
interpreting existing bits in respective DCI formats. For
example, DL DCI formats include a DL Assignment Index
(DAI) field consisting of 2 bits and indicating the number of
the DL DCI format a NodeB transmits to a UE in a subframe
of'a bundling window. The value of the DAI field is 1 if the
DL DCI format is a first one a NodeB transmits to the UE,
the value is 2 if the DL DCI format is a second one a NodeB
transmits to the UE, and so on. For M=2, a 1 bit of the DAI
field suffices for its intended purpose and the other bit may
be used to increase a number of HRO bits by 1.

Various embodiments of the present disclosure provide
PUCCH resource compression of HARQ-ACK signaling in
TDD systems for a UE configured to monitor multiple types
of PDCCHs in subframes of a bundling window. In one
illustrative example, a first type of PDCCH may be trans-
mitted over a first number of subframe symbols and over an
entire operating DL BW, while a second type of PDCCH
(EPDCCH) may be transmitted over a second number of
subframe symbols and only over a number of PRBs that is
smaller than a number of PRBs consisting an entire oper-
ating DL BW. In a TDD system, a UE may be configured by
a NodeB to monitor PDCCH in some subframes of a
bundling window and monitor EPDCCH in remaining sub-
frames of a bundling window. Moreover, a UE may use a
first method to determine PUCCH resources for HARQ-
ACK signaling in response to a PDCCH detection and use
a second method to determine PUCCH resources for
HARQ-ACK signaling in response to an EPDCCH detec-
tion. In one example, such a method for EPDCCH may be
used according to the discussion of Equation 1 above. In
another example such methods may be assumed to not be
identical for PDCCH and EPDCCH and result to a use by a
UE of different PUCCH resources depending on whether the
UE detects a PDCCH or an EPDCCH.

In principle, a UE should use PUCCH resources corre-
sponding to PDCCH detections in subframes the UE does
not monitor EPDCCH (and vice versa). However, subframes
where a UE monitors EPDCCH are configured to the UE by
a NodeB in a UE-specific manner (although UE-common
subframes for either EPDCCH or PDCCH monitoring may
also exist).

In FDD, with a use of a HRO field in DL DCI formats, a
network may configure (at least partially) overlapped
PUCCH resources in response to PDCCH detections or
EPDCCH detections. Then, a UE may use PUCCH
resources associated with ECCEs in subframes the UE
monitors PDCCH (and vice versa). In TDD, a PUCCH
resource misalignment may occur if different UEs use
different accumulations for
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m-l
Z NEccE,i,j
=0

to determine a respective PUCCH resource corresponding to
respective EPDCCH detections in a same subframe (as in
Equation 1 above). Then, even with a use of a HRO,
scheduler restrictions are needed as a NodeB may not know
future scheduling decisions when effectively assigning
PUCCH resources through a selection of CCEs or ECCEs
and a value of a HRO field in a subframe.

If a UE discounts PUCCH resources corresponding to
EPDCCH PRB sets in subframes the UE monitors PDCCH,
this monitoring means that for a bundling window having a
subframe with index i, where a first UE monitors PDCCH
and a second UE monitors EPDCCH, the first UE does not
include the term Nyccp,, 5 in

m-l
Z NEccE,i,j
=0

and the second UE does, where O<i,<M-1. Either schedul-
ing restrictions may need to occur or the NodeB is implicitly
forced to use UE-common configuration of EPDCCH moni-
toring subframes in order to avoid collisions of associated
PUCCH resources. As neither of the two alternatives/restric-
tions is desirable, the present disclosure provides that a
NodeB may configure a UE through higher layer signaling,
such as RRC signaling, whether to include PUCCH
resources associated with the EPDCCH PRB sets configured
to the UE in subframes the UE is also configured to monitor
PDCCH.

FIG. 7 illustrates a flowchart of a process for determining
a PUCCH resource in a TDD system depending on a NodeB
configuration in accordance with various embodiments of
the present disclosure. For example, the process depicted in
FIG. 7 may be performed by the transmitter 300 in FIG. 3.
The process may also be implemented by the UE 111 in FIG.
1.

In this illustrative example, a UE receives signals from a
NodeB, for example using RRC signaling, whether to
include ECCEs of EPDCCH PRB set j in a subframe i,
where the UE monitors PDCCH in determining a PUCCH
resource in response to an EPDCCH detection in EPDCCH
PRB set j in subframe m>i, of a same bundling window (step
710). For example, as part of step 710, in one approach, the
NodeB signaling may consist of a single binary element and
be applicable to all subframes of a bundling window a UE
is configured to monitor PDCCH. In another example, the
NodeB signaling may be same as a signaling configuring to
a UE the subframes to monitor PDCCH and may indicate,
using a binary value of 0 or 1, whether ECCEs for EPDCCH
PRB sets in a subframe configured to the UE for PDCCH
monitoring should be included or excluded, respectively,
from determining a PUCCH resource in response to an
EPDCCH detection in a subsequent subframe of a same
bundling window. In either of the above two examples, for
subframes known to all UEs as not conveying EPDCCH for
any UE, the ECCEs of any EPDCCH PRB set are excluded
from determining a PUCCH resource in response to an
EPDCCH detection in a subsequent subframe of a same
bundling window.
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Thereafter, the UE determines whether, for PUCCH
resource determination in response to EPDCCH detection in
subframe m>i,, the signaling from the NodeB indicates
inclusion of ECCEs of EPDCCH PRB set j in subframe i,
where the UE is configured to monitor PDCCH (step 720).
If so, the UE determines a PUCCH resource using the term

m-l
Z NEccE,i,j
=0

as in Equation 1 (step 730). If the UE does not determine that
the signaling from the NodeB does not indicate inclusion of
ECCEs of EPDCCH PRB set j in subframe i,, the UE
determines a PUCCH resource using the term

m-l
Z NEccE,i,j
=0

i*ig

as in Equation 1 where Ngccg,,, is excluded from a sum-
mation of a total number of ECCEs in EPDCCH PRB set j
in subframes prior to subframe m in a same bundling
window (step 740). Although FIG. 7 illustrates an example
of a process for determining a PUCCH resource in a TDD
system depending on a NodeB configuration, various
changes could be made to FIG. 7. For example, while shown
as a series of steps, various steps in each figure could
overlap, occur in parallel, occur in a different order, or occur
multiple times.

A UE may also monitor different types of EPDCCH in a
subframe. One such type is a distributed EPDCCH for which
the ECCEs are sequentially numbered and distributed across
PRBs of a respective EPDCCH PRB set. If not all ECCEs
of a distributed EPDCCH PRB set are used in a subframe,
the unused ECCEs may be ones with larger indexes. There-
fore, an overhead for the respective PUCCH resources is not
unnecessarily increased as, for example according to Equa-
tion 1, using smaller values for a lowest ECCE index of an
EPDCCH will also result to smaller values of a PUCCH
resource for a respective transmission of a HARQ-ACK
signal. This property of the distributed EPDCCH type is not
maintained for another EPDCCH type which is referred to as
localized EPDCCH and for which the ECCEs of a localized
EPDCCH PRB set are first indexed within a PRB and then
across PRBs. As a consequence, if a localized EPDCCH is
transmitted in a PRB with high index, a PUCCH resource for
a respective transmission of a HARQ-ACK signal also has
a high index value. This may result in unnecessary overhead
for PUCCH resources such as, for example, a large number
of PUCCH resources being reserved even when only a
single EPDCCH transmitted in a PRB with high index
requires a respective HARQ-ACK signal transmission.

Accordingly, to compress the PUCCH overhead associ-
ated with HARQ-ACK signal transmissions in response to
respective localized EPDCCH detections, the embodiments
of the present disclosure provide that an indexing of ECCEs
used for a search space determination for a localized EPD-
CCH transmission at a UE is modified (e.g., permuted) for
a determination of a respective PUCCH resource. For a
given subframe, a UE may identify an ECCE index for a
PUCCH resource determination corresponding to an ECCE
index for a respective EPDCCH transmission based on a
permutation of ECCE indexes of a localized EPDCCH PRB
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set for indexing respective PUCCH resources for HARQ-
ACK signal transmissions. In one example, denoting by an
ECCE index ng. for a localized EPDCCH PRB set, by a
number of ECCEs per PRB Nz prz> and by a number of
PRBs N, in the localized EPDCCH PRB set, a UE may
compute an ECCE index (i.e., Ngeer ppecy) for a PUCCH
resource determination corresponding to an ECCE index for
a respective EPDCCH according to Equation 3 below:

RECCE Equation 3

+ (nEccEmodNgccE_prp) - Nerp

RECCE_PUCCH = { Y
ECCE_PRB

where | | is a “floor” function that rounds a number to its
lower integer and “mod” is the modulo function. The
Necer puccr index derived from the lowest ng o index of
a localized EPDCCH is used to replace the lowest ng.x
index in determining a PUCCH resource for a respective
HARQ-ACK signal transmission (for example, as in Equa-
tion 1).

FIG. 8 illustrates an example permutation of ECCE
indexes of a localized EPDCCH PRB set for indexing
respective PUCCH resources for HARQ-ACK signal trans-
missions in accordance with an illustrative embodiment of
the present disclosure. In this illustrative example, a local-
ized EPDCCH PRB set consists of N,zz=4 PRBs and each
PRB consists of Npz »zrz=4 ECCEs 810. The ECCEs for
a determination of a search space where a UE may perform
detections for potential EPDCCHs in a subframe are indexed
sequentially nz-., within each PRB starting with a PRB
with a lowest index 820A and 820B. The ECCEs for a
determination of a PUCCH resource for a HARQ-ACK
signal transmission in response to an EPDCCH detection are
indexed based on a permutation of the ng.. indexes as
described in Equation 3 to obtain Npccr precy 830A and
830B. Subsequently, the Nzccr procy associated with the
lowest ECCE index ny -, replaces the lowest ECCE index
Nzccp 0 a respective formula for a determination of a
PUCCH resource for HARQ-ACK signal transmission.

The illustration of the permutation of ECCE indexes of a
localized EPDCCH PRB set for indexing respective
PUCCH resources for HARQ-ACK signal transmissions in
FIG. 8 is for illustration of the principles of the present
disclosure and not intended as a limitation on the various
embodiments that may be implemented in accordance with
the principles of the present disclosure.

FIG. 9 illustrates a process for reducing resource overhead
for transmission of HARQ-ACK signals in accordance with
various embodiments of the present disclosure. For example,
the process depicted in FIG. 9 may be performed by the
transmitter 300 in FIG. 3. The process may also be imple-
mented by the UE 111 in FIG. 1.

The process begins by identifying a subframe index in a
bundling window for downlink signals to transmit HARQ-
ACK information for in a PUCCH (step 905). For example,
in step 905, the subframe index is an index of which
subframe among bundled subframes HARQ-ACK informa-
tion needs to be transmitted.

Thereafter, the process determines whether the subframe
index indicates that a first subframe among bundled sub-
frames (step 910). For example, in step 910, the UE may
determine the subframe index is m=0. If the subframe index
indicates a first subframe among bundled subframes, the
process transmits HARQ-ACK signaling in the PUCCH
using PUCCH resource compression and a first set HRO
values for collision avoidance for different EPDCCH PRB
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sets in a same subframe (step 915). For example, in step 915,
the UE may perform compression of PUCCH resources in
both time and EPDCCH PRB set domains while using
collision avoidance for HARQ-ACK signaling for different
EPDCCH PRB sets in a same subframe. The UE may
perform the PUCCH compression of by using common
PUCCH resources for HARQ-ACK signaling of different
EPDCCH PRB sets in a same subframe and for HARQ-
ACK signaling of a same EPDCCH PRB set in different
subframes.
If the subframe index indicates a second or greater
subframe among bundled subframes, the process transmits
HARQ-ACK signaling in the PUCCH using PUCCH
resource compression and a second set of HRO values for
collision avoidance for both different EPDCCH PRB sets in
a same subframe and HARQ-ACK signaling for different
subframes (step 920). For example, in step 920, the UE may
perform compression of PUCCH resources in both time and
EPDCCH PRB set domains while using collision avoidance
for HARQ-ACK signaling for both different EPDCCH PRB
sets in a same subframe and HARQ-ACK signaling for
different subframes. The UE may perform the PUCCH
compression of by using common PUCCH resources for
HARQ-ACK signaling of different EPDCCH PRB sets in a
same subframe and for HARQ-ACK signaling of a same
EPDCCH PRB set in different subframes.
Although FIG. 9 illustrates an example of a process for
reducing resource overhead for transmission of HARQ-
ACK signals, various changes could be made to FIG. 9. For
example, while shown as a series of steps, various steps in
each figure could overlap, occur in parallel, occur in a
different order, or occur multiple times.
Although the present disclosure has been described with
an exemplary embodiment, various changes and modifica-
tions may be suggested to one skilled in the art. It is intended
that the present disclosure encompass such changes and
modifications as fall within the scope of the appended
claims.
What is claimed is:
1. A method for a user equipment (UE) to transmit an
acknowledgement signal in a communication system, the
method comprising:
identifying a set of M subframes;
detecting at least one control channel on a physical
resource block (PRB) set in the set of M subframes,
where the control channel includes downlink control
information comprising an acknowledgement resource
offset having at least two bits and the PRB comprises
at least one control channel element (CCE);

determining a resource for transmitting an acknowledge-
ment signal based on the acknowledgement resource
offset; and

transmitting the acknowledgement signal on a resource

corresponding to the acknowledgement resource offset,

wherein, when an index of a subframe from the set of M

subframes is larger than 0, the acknowledgement
resource offset is a value that is one of 0, 2, or one of
two negative values dependent on a number of the
CCEs in the PRB set of at least one subframe among
the set of M subframes, and

wherein, when the index of the subframe from the set of

M subframes is not larger than 0, the acknowledgement
resource offset is a value that is one of 0, -1, -2 or 2.

2. The method of claim 1, wherein the PRB set is
configured by radio resource control (RRC) signaling.

3. The method of claim 1, wherein a first negative value
of the two negative values is determined based on summa-
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tion of a number of CCEs in the PRB set of the M subframes,
and a second negative value of the two negative values is
determined based on summation of a number of CCEs in the
PRB set of a last k subframes among the M subframes.

4. The method of claim 1, wherein the resource for
transmitting the acknowledgement signal is determined
based on sum of:

a) a first CCE of the control channel,

b) the acknowledgement resource offset,

¢) a sum value of a number of CCEs in the PRB set of the

M subframes, and

d) an offset for the resource.

5. The method claim 4, where the resource is determined
based on

m=1

RpyUCCH = RECCEm,j + [ () + Z Necck,i,j + Neucen,j
iz0

where the subframe is subframe m, 0=m=M-1, ngccy ,,; 18
a number of a first of the at least one CCE of the control
channel, f(.) is a value corresponding to the acknowledge-
ment resource offset,

m-1
Z NEccE,i,j
=0

is a sum value of CCEs in the PRB pair set j over subframes
from the set of M subframes with indexes smaller than or
equal to the subframe index, and N c¢y, is the offset for
the resource associated with PRB pair set j.

6. A user equipment (UE) configured to transmit an
acknowledgement signal in a communication system, the
UE comprising:

a controller configured to:

identifying a set of M subframes,

detect at least one control channel on a physical
resource block (PRB) set in the set of M subframes,
where the control channel includes downlink control
information comprising an acknowledgement
resource offset having at least two bits and the PRB
comprises at least one control channel element
(CCE), and

determine a resource for transmitting an acknowledge-
ment signal based on the acknowledgement resource
offset; and

a transmitter configured to transmit the acknowledgement

signal on a resource corresponding to the acknowledge-
ment resource offset,

wherein, when an index of a subframe from the set of M

subframes is larger than 0, the acknowledgement
resource offset is a value that is one of 0, 2, or one of
two negative values dependent on a number of the
CCEs in the PRB set of at least one subframe among
the set of M subframes, and

wherein, when the index of the subframe from the set of

M subframes is not larger than 0, the acknowledgement
resource offset is a value that is one of 0, -1, -2 or 2.

7. The UE of claim 6, wherein the PRB set is configured
by radio resource control (RRC) signaling.

8. The UE of claim 6, wherein a first negative value of the
two negative values is determined based on summation of a
number of CCEs in the PRB set of the M subframes, and a
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second negative value of the two negative values is deter-
mined based on summation of a number of CCEs in the PRB
set of a last k subframes among the M subframes.

9. The UE of claim 6, wherein the resource for transmit-
ting the acknowledgement signal is determined based on
sum of:

a) a first CCE of the control channel,

b) the acknowledgement resource offset,

¢) a sum value of a number of CCEs in the PRB set of the

M subframes, and

d) an offset for the resource.

10. The method claim 9, where the resource is determined
based on

m=1

RpyccH = RECCEmj + f() + Z NEecck,i,j + Neucen,j
iz0

where the subframe is subframe m, 0=m=M-1, nzcc ,,; 18
a number of a first of the at least one CCE of the control
channel, f(.) is a value corresponding to the acknowledge-
ment resource offset,

m-1
Z NEccE,i,j
iz0

is a sum value of CCEs in the PRB pair set j over subframes
from the set of M subframes with indexes smaller than or
equal to the subframe index, and Np;c¢y, is the offset for
the resource associated with PRB pair set j.

11. A method for a base station (BS) to receive an
acknowledgement signal in a communication system, the
method comprising:

transmitting at least one control channel on a physical

resource block (PRB) set in a set of M subframes,
where the control channel includes downlink control
information comprising an acknowledgement resource
offset having at least two bits and a resource for
transmitting an acknowledgement signal is based on the
acknowledgement resource offset, and wherein the
PRB comprises at least one control channel element
(CCE); and

receiving the acknowledgement signal on a resource

corresponding to the acknowledgement resource offset,

wherein, when an index of a subframe from the set of M

subframes is larger than 0, the acknowledgement
resource offset is a value that is one of 0, 2, or one of
two negative values dependent on a number of the
CCEs in the PRB set of at least one subframe among
the set of M subframes, and

wherein, when the index of the subframe from the set of

M subframes is not larger than 0, the acknowledgement
resource offset is a value that is one of 0, -1, -2 or 2.

12. The method of claim 11, wherein the PRB set is
configured by radio resource control (RRC) signaling.

13. The method of claim 11, wherein a first negative value
of the two negative values is determined based on summa-
tion of a number of CCEs in the PRB set of the M subframes,
and a second negative value of the two negative values is
determined based on summation of a number of CCEs in the
PRB set of a last k subframes among the M subframes.

14. The method of claim 11, wherein the resource for
transmitting the acknowledgement signal is determined
based on sum of:
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a) a first CCE of the control channel,
b) the acknowledgement resource offset,

¢) a sum value of a number of CCEs in the PRB set of the
M subframes, and

d) an offset for the resource.

15. The method claim 14, where the resource is deter-
mined based on

m=1

RpyUCCH = RECCEm,j + [ () + Z Necck,i,j + Neucen,j
=

where the subframe is subframe m, 0sm=M-1, nzccs ,, ; 15
a number of a first of the at least one CCE of the control
channel, f(.) is a value corresponding to the acknowledge-
ment resource offset,

m-1
Z NEccE,i,j
=0

is a sum value of CCEs in the PRB pair set j over subframes
from the set of M subframes with indexes smaller than or
equal to the subframe index, and Np; ¢, is the offset for
the resource associated with PRB pair set j.

16. A base station (BS) configured to receive an acknowl-
edgement signal in a communication system, the base sta-
tion comprising:

a transmitter configured to transmit at least one control
channel on a physical resource block (PRB) set in a set
of M subframes, where the control channel includes
downlink control information comprising an acknowl-
edgement resource offset having at least two bits and a
resource for transmitting an acknowledgement signal is
based on the acknowledgement resource offset, and
wherein the PRB comprises at least one control channel
element (CCE); and

a receiver configured to receive the acknowledgement
signal on a resource corresponding to the acknowledge-
ment resource offset,

wherein, when an index of a subframe from the set of M
subframes is larger than 0, the acknowledgement
resource offset is a value that is one of 0, 2, or one of
two negative values dependent on a number of the
CCEs in the PRB set of at least one subframe among
the set of M subframes, and

wherein, when the index of the subframe from the set of
M subframes is not larger than 0, the acknowledgement
resource offset is a value that is one of 0, -1, -2 or 2.

17. The BS of claim 16, wherein the PRB set is configured
by radio resource control (RRC) signaling.

18. The BS of claim 16, wherein a first negative value of
the two negative values is determined based on summation
of a number of CCEs in the PRB set of the M subframes, and
a second negative value of the two negative values is
determined based on summation of a number of CCEs in the
PRB set of a last k subframes among the M subframes.

19. The BS of claim 16, wherein the resource for trans-

mitting the acknowledgement signal is determined based on
sum of:
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a) a first CCE of the control channel,
b) the acknowledgement resource offset,
¢) a sum value of a number of CCEs in the PRB set of the
M subframes, and
d) an offset for the resource.
20. The BS claim 19, where the resource is determined
based on

m=1

RpyccH = RECCEmj + f() + Z NEecck,i,j + Neucen,j
iz0

where the subframe is subframe m, 0sm=M-1, nzccs ,, ; 15
a number of a first of the at least one CCE of the control
channel, f(.) is a value corresponding to the acknowledge-
ment resource offset,

m-1
Z NEccE,i,j
=

is a sum value of CCEs in the PRB pair set j over subframes
from the set of M subframes with indexes smaller than or
equal to the subframe index, and Npy ey, is the offset for
the resource associated with PRB pair set j.
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